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0 Semtconductor device having multilevel vrirings. 



0 A semiconductor device that lias a feature in the 
spatial relationship tietween the wirings in a multi- 
level wirings and the intennediate insulating films. In 
the lower part of the second and/or sut)sequent 
levels of vnrings there exist intermediate insulating 
films that have a pattern which is the same as the 
M pattern of the wirings. Because of this arrangement 
^the intenmediate insulating film does not exist t)e- 
U^tween the wirings on tiie same level. The first sfaruc- 
future of the multi-level wiring has the Intermediate 
CD insulating films formed in walMike shape, with the 
flower end of the intermediate insulating films reaclv 
CDIng an underlying Insulating layer formed on the 
C^ surface of the semiconductor substrate. The second 
O structure of the multi-level wiring is a quasi air gap 

metallization structure. 
Si As a result of realization of such structures, in 
ttie semiconductor device according to the present 
invention, the parasitic capacitance due to the cou- 



pling capacitances t>etween the wirings can be re- 
duced markedly compared witfi a semiconductor de- 
vice that has a structure In which the spaces t)e- 
tween the wirings are filled with the Intenmediale 
films. 




Xsrrx Copy Centre 



1 EP 0 393 635 A2 2 

SEMICONDUCTOR DEVICE HAVING MULTI-LEVEL WIRINGS 



BACKGROUND OF THE INVENTION: 

The present invention relates to a semiconduc- 
tor device having multi-level wirings and a method 
of manufiacturing muItiHevel wirings for a semicon- 
ductor deWce. 

In recent years, the integration density of semi- 
conductor devices has been raised and the multi- 
level wirings have t>een used more frequently, as 
the scale of the systems realized by the use of 
semiconductor devices is increased and the fab- 
rication technology for semiconductor devices with 
fine geometry is advanced. The method which is 
general for the formafion of multi-level wirings in 
the conventional semiconductor devices is as de- 
scribed below. First, an insulating layer is fonmed 
on a semiconductor sut>strate comprising the re- 
quired semiconductor elements. A contact hole is 
formed at a required position in the insulating layer, 
and then, a first level of wirings is formed. Subse- 
quently, the foDowing steps (1) to (3) are repeated 
for a necessary number of times: (1) forming an 
intermediate insulating film. (2) creating a through 
hole at a required position, and 0) forming wirings 
for second and subsequent levels. 

With the increase in the integration density of 
semiconductor devices, the space between tiie wir- 
ings also decreases. Because of this, the parasitic 
capacitance incidental to the wirings increases. A 
multi-level wiring formed according to the atx>ve 
method has a structure in which an intermediate 
insulating film is filled between the adjacent wirings 
without exception. For this reason, the parasitic 
capacitance incidental to the wirings is further in- 
creased. 

A discussion about the parasitic capacitance 
between the wirings is reported, for example, by 
R.LM. DANG et al. entitled "Coupling Capacitan- 
ces for Two-Dlmensional Wires* in IEEE Bectron 
Device Letters. Vol. EDL-2, No. & pp. 196 to 197. 
August 1981. Although this report does not discuss 
tiie structure of a mufti-level wiring per se, it shows 
that the parasitic capacitance between the wirings 
of tiie same level increases relatively when tfie line 
widtfi and spacing of the wirings Is decreased. 
Further, an analysis of the capacitance of a three- 
level wiring according to a three-dimensional sim- 
ulation is reported by Y. Ushiku et al. entitled "A 
THRE&LEVEL WIRING CAPACITANCE ANALYSIS 
FOR VLSIs USING A THREE-DIMENSIONAL SIM- 
ULATOR" in lEDM 88, PP. 340 to 343. This report 
shows the changes in the coupDng capacitance due 
to the film thickness of the wirings, tiie pitch of the 
wirings, the film thk:kness of the intermediate in- 



sulating film and the like, and the change in the 
coupling capadtance due to tiie scaling. What is 
described in tiiese reports Is useful for minimizing 
the parasitic capacitance between the wirings in the 
5 conventional structures in which an intermediate 
insulating film is filled between the adjacent wir- 
ings. 

Demands for fast operation of the semiconduc- 
tor devices are recently increasing as the integrar 
to tion density of the semiconductor devices in- 
creases. As is clear also from this trend, a reduc- 
tion in the parasitic capacitance between the wirints 
is a very important task. 

T5 

SUMMARY OF THE INVEffflON: ' 

Accordingly, an object of the present invention 
is to provide a semiconductor device having a 

20 multi-level wiring in which the parasitic capacitance 
generated by the coupling t)etween the wirings 
constituting the multi-level wiring is reduced, and to 
provide a multi-level wiring structure which can 
realize a reduction in tiie parasitic capacitance be- 

25 tween the wirings. 

It is another object of the present invention to 
provide a method of fal>ricating a multi-levei wiring 
structure which can reduce the parasitic capaci- 
tance between the wirings. 

30 A semiconductor device of the present inven- 
tion has a multi-level wiring with two or more lev- 
els. The wirings of the second and tiie subsequent 
levels are formed on the first level of wirings 
formed on a semiconductor sut>strate via an In- 

35 sulating layer, with an intermediate insulatir^g film 
inserted t>etween them. The semiconductor sub- 
strate has the required semiconductor elements 
formed on it. the insulating layer has a contact hole 
at a required position, and the intennnediate Insulat- 

Ao ing films have through holes at required positions. 
With respect to the wirings of the second and 
sut>sequent levels, there does not exist an inter- 
mediate insulating film between the wirings on tfie 
same level. Further, in the lower part of the wirings 

45 of the second and the subsequent levels, except 
for the areas for the through holes, there exists an 
Intermediate insulating film having the same pattem 
as that of the wirings of tiie second and the subse- 
quent levels, making contact with the wirings. 

50 The package for the semiconductor device of 
the present invention is preferably a package hav- 
ing a cavity structure such as a hermetic seal type 
ceramic package. 

In accordance witii a first aspect of the present 
invention, the intermediate insulating film reaches 



2 



3 



EP0393 635A2 



4 



to the insulating layer formed on the major surface 
of the semiconductor substrate. Preferalrfy, the in- 
termediate insulating film includes an organic in- 
sulator material such as a potylmide film or a 
polytmide slloxane film. When the intermediate in- 
sulating fiim is made of an inorganic insulator ma- 
terial, it is preferable to have the insulating layer 
fbmied on the major surface of the semiconductor 
sui^strate is made of an inorganic insulator material 
different from that of the intermediate Insulating 
film. 

In accordance with a second aspect of the 
present invention,, the Intermediate insulating films 
fonned between the wirings have a wall-lilce struc- 
ture and there exists a cavity between the respec- 
tive intermediate insulating films. Accordingly, there 
Is fonmed a cavity between the insulating layer 
fbnmed on the major surface of the semiconductor 
substrate and the Intennnedlate insulating film. Pref- 
erably, the intermediate insulating film is made of 
an inorganic insulator material by a plasma chemi- 
cal vapor deposition, and is a silicon oxide film, a 
silicon nitride film or a sitioon oxynitride film. 

A first aspect of the method of manufecturing a 
semiconductor device accordirtg to the present in- 
vention includes the steps as sfiown tjelow. First, 
an insulating layer is formed on a major surface of 
a semiconductor sut>strate which has prescribed 
semiconductor elements on It A contact hole is 
fonmed at a required position in the insulating layer 
and then, a first level of wirings Is formed. A first 
intermediate film between the first level of wirings 
and a second level of wirings is formed. A first 
group of through holes are formed at required 
positions in the first intermediate insulating film and 
on top of this, there Is formed a second level of 
wirings. The respective Intermediate insulating 
films and the wirings of the second and the subse- 
quent levels are formed by the same technique as 
in the above. After fomiing the wirings of the top- 
most layer, the laminated intermediate insulating 
films are etched using the wirings of the second 
and the subsequent levels as the etching masks. 
This etching is preferred to be an anisotropic plas- 
ma etching. 

A second aspect of the method of manufactur- 
ing a semiconductor device according to the 
present invention includes the steps as shown be- 
low. Rrst, an insulating layer is fonned on a semi- 
conductor sut)strate tiiat has prescribed semicon- 
ductor elements on it A contact hole Is formed at a 
required position in the insulating layer. Then, a 
first level of wirings is fbnmed. Subsequentiy, a first 
organic insulator layer is fonmed on the entire top 
surface. The first organic Insulator layer Is etched 
back until the top surface of the first level of 
wirings is exposed. A first imenriediate insulating 
film between the first level of wirings and a second 



level of wirings is fonmed allover the surface. The 
first intermediate insulating film is composed of an 
inorganic insulator material obtained by a plasma 
vapor deposition. A first group of through holes are 

5 formed at required places. A conductive film for the 
second level of wirings is fonmed on tiie entire 
surface. A first photoresist film pattern for the sec- 
ond level of wirings is fonmed. The second level of 
wirings is fonmed by etching the conductive film for 

10 the second level of wirings using the first photores- 
ist film pattern as the mask. Furtiier, the first inter- 
mediate insulating film with ttie same pattern as the 
second level of wirings, except for the first group of 
through holes, is formed by etching tiie first inter- 

75 mediate insulating film using the first photoresist 
film pattem as the mask. Then, the first photoresist 
film pattem is peeled off. After forming the organic 
insulator layers of the respective levels, tiie respec- 
tive intermediate insulating films and the wirings of 

20 the second and the subsequent levels according to 
the procedures similar to tiie at)Ove, and after peel- 
ing off the pattem of a photoresist film for tiie 
wirings of the uppermost level, the organic insulator 
layers for the respective levels are removed. The 

25 component materials of the organic insulator layers 
for the respective levels and the intermediate in- 
sulating films for the respective levels are the same 
as those of the first organic insulator layer and the 
first intenmediate Insulating film. The organic insula- 

30 tor layer is preferable to l>e a polyimide film or a 
polyimide siloxane film. The removal of the organic 
insulator layer is prefered to be carried out by an 
Isob^opic oxygen plasma etching. 

Since in the semiconductor device of the 

35 present invention there does not e)dst an intermedi- 
ate insulating film t>etween the wirings of the same 
level, it is possible to reduce the parasitic capaci- 
tance of the wirings in the mutti^level wirings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS: 

The above-mentioned and otiier objects, fea- 
tures and advantages of this invention will become 
45 more apparent by reference to the following de- 
" tailed description of the invention taken in conjunc- 
tion with the accompanying drawings, wherein 

RGs. la to Id are perspective drawings 
schematically showing manufacturing steps in or- 
50 der of the semiconductor chip of a first embodi- 
ment of the present invention; 

RG. 2 is a sectional drawing schematically 
showing a semiconductor device including the 
semiconductor chip of the first embodiment of the 
55 present invention; 

FIG. 3 is a partial plan view of a second 
embodiment of the present invention; 

FIGs. 4a, 4b and 4c are sectional diagrams 
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taken along lines A-A » B-B and OC in Rg. 3 as 
viewed in the direction of the arrows, respectively; 

RGs. 5a to 5e are the diagrams for plain- 
ing the effect of the present invention by modeling 
the prior art semiconductor chip and the semicon- 
ductor chip according to the second embodiment 
of the present invention; RG. 5a Is a sectional 
diagram schematicalty showing a semiconductor 
chip of the prior art; RG. 5b is a sectional diagram 
schematically showing the second embodiment of 
the present invention; RG. 5c is an equivalent 
circuit diagram conresponding to RGs. 5a and 5b; 
and RGs. 5d and 5e are diagrams showing the 
models used for calculation of capacitance: 

RGs. 6a to 6f are perspective diagrams 
schematicalty showing manufacturing steps. In or- 
der, of a semiconductor chip of a third embodiment 
of the present invention; and 

RGs. 7a to 7m are sectional diagrams sche^ 
matically showing manufacturing steps.in order, of 
a semiconductor chip of a fourth emtxxiiment of 
tiie present Invention; RGs. 7a, 7h and 7j to 71 are 
sectional diagrams conresponding to a portion talc- 
en along line D-d' in Rg. 6e as viewed in the 
direction of arrows, and Rgs. 7b to 7g, 7i and 7m 
are sectional diagrams corresponding to a portion 
taken along Rne E-e' in Rg. 6e as viewed In the 
direction of arrows. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMB^: 

Referring to RGs. 1a to Id. the method of 
fatMlcation and ttie structure of the semiconductor 
chip part in the semicorKJuctor device according to 
ttie first embocfiment of the present invention. The 
semiconductor device in the first embodiment has 
a two-level wiring structure with wires are made of 
gold (Au). The intermediate insulating film of the 
semknnductor device in the first embodiment is 
made of a sIGcon oxide fitiin. 

Rrst as shown in RG. la, on a major surface 
of a sirtcon sut>strate 101 which is a semiconductor 
substrate having an impurity region 102 of a pro- 
scribed, semiconductor drcutt^elernent at a pre- 
detenmined position, there is fcmned a silicon 
nitride layer 103 which Is an isolator layer At a 
required place in the silicon nitride layer 103 there 
is fonmed a contact hole 104. Then, a group of first 
Au wirings 105a, 105b and 105c are fonmed. The 
film thickness, the line wkltti and the space be- 
tween tiie fines of the first Au wirings 105 are 1.0 
um, 1.0 iim and 1.0 um, respectively. The etching 
for forming tiie first Au wirings employs A7 km 
milling at a vacuum of about 10"* Tonr. 

It is to be noted that the semiconductor ele- 
ment and tfie contact hole will Yse omitted from the 



figures in order to avoid the complication of the 
drawings. 

Next, a silicon oxide film 106 which is an 
intemiediate insulating film is fonmed by, for exam- 
5 pie, a plasma chemical vapor deposition metiiod as 
shown in RG. lb. The thickness of the silicon 
oxide film 106 is 2 um. When ttie first level wirings 
are formed of Au as in the first emtxxiiment and 
the intermediate insulating film is a silicon oxide 
70 film, tiie metiiod of forming the silicon oxide film 
needs not be limited to tiie plasma chemical vapor 
deposition method and a chemical vapor deposition 
method at a low pressure or the atmospheric pres- 
sure may also be employed. However, when the 
is first layer wirings are formed of aluminum (Al) and 
the intermediate insulating film is a silicon oxide 
film, the metiiod of formation of the silicon oxide 
film is pretenned to be ttie plasma chemical vapor 
depx>sition method. Subsequentiy, through holes 
20 107a and 107b are formed at required places of 
the silicon oxide film 106. The opening area of the 
tiirough hole Is 0.8 x 0.8 um^. 

Next as shown in RG. 1c a second group of 
Au wirings 108a and 108b are fomned. The film 
26 thickness, widtti and space of ttie second Au wir- 
ings 108 are 1.0 um, 1.0 um and 1.0 um, respec- 
tively, same as those of the first Au wirings 105. In 
addition, the etching metiiod for fonming tiie sec- 
ond Au wirings 108 is the same as the metiiod for 
30 forming the first Au wirings 105. The second Au 
wirings 108 fills the interior of the through holes 
107a and 107b also. Accordingly, the second Au 
wirings 108a and 108b are connected to the first 
Au wirings 105a and 105c. respectively, via tiie 
^ tiirough holes 1 07a and 107b. * 

Next, as shown in RG. Id. tiie sificon oxide 
film 106 which is an intenmediate insulating film is 
etched using tiie second Au wirings 108a and 108b 
as the masic The etching of ttie silicon o)dde film 
AO 106 is earned out by an anisotropic plasma etching 
(for example, reactive ion etching or electron cyclo- 
tron resonance plasma etching) which uses CF* or 
CHF3 as the main constitoent to which is added 
O2. 

45 In the semiconductor chip according to the first 
emtxxliment, the pattern of the sificon oxide films 
106a and 108b v^ich are tiie intermediate insulat- 
ing films have the same pattern of the second Au 
wirings 108a and 108b, except for tiie portions of 

50 the tiirough holes 107a and 107b, and the sificon 
oxide films 106a and 106b are formed in a walHike 
shape extending from the bottom surfaces of the 
second Au wirings 108a and 108b to the top sur- 
face of tiie silicon nitride layer 103 of a insulator 

55 layer. Because of ^is, tiie sificon oxide film 106 
does not exist between the second Au wirings 108a 
and 108b. Moreover, between the first Au wirings 
105 and the second Au wirings 108. there exist the 
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silicon oxide fflms 106a and 106b only at the 
portions where the first Au wirings 105 and the 
second Au wirings 108 overlap each other. 

From the fact that the intermediate insulating 
film exists in the form as described in the above, 
the parasitic capacitance between the second-level 
wirings in the first embodiment is reduced com- 
pared with the case of a semiconductor chip of the 
conventional two-level wiring in which an intennedi- 
ate insulating film exists filling the spaces between 
the wirings. 

In the first embodiment descril>ed in the above, 
a silicon nitride layer is used as the insulating layer 
103 and a silicon oxide film Is used as the inter- 
mediate Insulating film 106. However, a silicon ox- 
ide layer may be used as the insulating layer 103 
and a silicon nitride film may be used as the. 
intermediate Insulating film 106. In this case, a 
plasma chemical vapor despotion is used as the 
method for forming the silicon nitride film. In addi- 
tion, an anisotropic plasma etching that uses CF4 
or CHFs as the main constituent with added H2 and 
N2 is employed for etching the silicon nitride layer. 

Moreover, although Au is used as the first and 
the second level wirings in the first embodiment 
Al, polysllicon, a highnnrielting point metal such as 
tungsten (W). a silidde such as SiW2 or a compos- 
ite of polysllicon and silictde (polydde) may also 
be used for that purpose. Furthermore, different 
component materials may be used for the first and 
the second level wirings. 

Still further, although a silicon substrate is used 
as the semiconductor substrate, it may be replaced 
by a compound semiconductor substrate. 

R6. 2 is a rough sectional diagram of a semi- 
conductor device that includes the semiconductor 
chip 201 shown as the first emlxxJiment or follow- 
ing embodiments of the present invention. The 
semiconductor chip 201 is installed within a pack- 
age 202. The package 202 has a cavity 203 whk:h 
is filled with an inert gas such as f^. Because of 
this, the voids between the wirings of the inter- 
mediate insulating films shown in the first embodi- 
ment become filled with a material of a low dielec- 
fric constant that is, with the inert gas. As a result 
even when the semiconductor chip is mounted on 
a package, the effect of the present inverYtion will 
not be diminished. It Is to be noted that the lead 
wires that are connected to tfie chip 201 artd ex- 
tend to the outside of the package 202 are omitted 
to show from RG. 2. 

Referring to RG. 3 and RGs. 4a to 4c, the 
structure of the semiconductor chip part in the 
semiconductor device of the second emtxxJiment 
of the present invention will be described. Here, 
RGs. 4a. 4b and 4c are sectional diagrams of the 
semiconductor chip at the fines AA . BB and CC 
In the Rg. 3. 



The semiconductor device in the second err^ 
txxliment has a four-level wiring structure with wir- 
ings are made of Au. The intermediate insulating 
film of the semiconductor device are made of a 

5 polyimide siloxane film. 

The structure of the second embodiment can 
be obtained using the method of fabrication de- 
scribed below. 

Rrst, a silicon oxide layer 302 which is an 

10 Insulating layer Is formed on a major surface of a 
silicon substrate 301 which is a semiconductor 
substrate having prescribed semiconductor ele- 
ments at predetermined positions. A contact hole 
(not shown) is fonmed at a required place in the 

75 silicon oxide layer 302. Then, a first Au wirings 303 
are formed. The thickness, width and space of the 
first Au wirings are 1.0 um. 1.0 um and 1.0 urn, 
respectively- The etching for fonning the first Au 
wirings 303 is carried out by the same jnethod as 

20 in the first embodiment Next, a polyimide sitoxane 
film 304 which is an intermediate insulating film is 
formed by spin-on coating. The thickness of the 
polyimide siloxane film 304 is 2 urn. Subsequently, 
a first through hole is provided at a required place 

25 of the polyimide sibxane film 304. The opening 
area of the through hole 305 is 0.8 x 0.8 um^. 

Next, a second Au wirings 306 are formed. The 
thickness, width and space of the second Au wir- 
ings 306 are 1.0 um, 1.0 fim and 1.0 um, respec- 

30 tively. Next, a polyimide siloxane film 314 which is 
an Intermediate insulating film, is spin-on coated 
again. The thickness of the polyimide siloxane 314 
is also 2 um. Subsequently, a second through hole 
307 is fomned at a required place of the polyimide 

35 siloxane film 314. The opening area of the Itirough 
hole 307 is 0.8 x 0.8 iltvI^. 

Next the third Au wirings 308 are formed. The 
thickness, width and space of the third Au wirings 
are 1.0 um. 1.0 um and 1.0 um, respectively. 

40 Then, a polyimide sik>xane film 324 which is an 
intermediate insulating film is spin-on coated again. 
Here again, the thickness of the polyimide siloxane 
film 324 is 2 um. Subsequently, a third through 
hole 309 with an opening area of 0.8 x OB um^ is 

45 formed at a required place of the polylmkJe sibx- 
ane film 324; 

Next, a fourth Au wirings 310 are fomned. The 
tiiickness. width and space of the fourth Au wirings 
310 are 1.0 um, 1.0 um and 1.0 um. respectively. 

50 Rnally. polyimide siloxane films 304. 314 and 
324 are etched using the fourth Au wirings 310, the 
third Au wirings 308 and the second Au wirings 306 
as the masks. The etching of the polyimide sibx- 
ane films is an anisotropic plasma etching using O2 

55 (for example, reactive ion etching, electron cycb- 
tron resonance plasma etching or the like). 

A supplementary description will be given con- 
cerning the formation of the second Au wirings 
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306. the third Au v^rings 308 and the fourth Au 
wirings 310. These wirings are formed by etchings, 
using patterns composed of photoresist films as 
the masks. Then, the photoresist films used as the 
masks are removed by an organic solvent. If the 
photoresist films are removed in this case by the 
ordinary plasma ashing or etching that uses O2, the 
polyimide sitoxane films 304. 314 and 324 which 
are intermediate insulating films will also be 
etched. 

A further explanation concerning tfie etching of 
the polyimide slloxane films Is also in order. The 
etching will first proceed with the fourth Au wirings 
310 as the mask. During this stage, the portion of 
the pattern of the polyimide sitoxane film 324 left 
after the etching is the same as the pattern of the 
fourth Au wirings 310. With the progress of the 
etching, the third Au wirings 308 will be exposed. 
At the stage when the third Au wirings 308 are 
exposed, the etching of the polyimide slloxane film 
314 proceeds with the fourth Au wirings 310 and 
the third Au wirings 308 as the masks. During this 
stage, the pattern of the polyimide siloxane films 
324 and 314 that remans after the etching is a 
superposition of the pattern of the fourth Au wirings 
310 and the pattern of the third Au wirings 308. 
With a further progress in the etcfang, the second 
Au wirings 306 are exposed. At the stage when the 
second Au wirings are exposed, the etching of the 
polyimide sifoxane film 304 proceeds with the 
fourth Au wirings 310, the third Au wirings 308 and 
the second Au wirings 306 as the masks until the 
^licon oxide film 302 is reached. The pattem of the 
polyimide sibxane films 324, 314 and 304 in the 
final stage is the same as the pattem which is the 
superposition of the pattem of the fourth Au wir- 
ings, the pattem of the third Au wirings 308 and the 
pattem of the second Au wirings 306. 

I=br the portion conresponding to the cross- 
section afong with the dash line AA in RG. 3, the 
patterns of the fourth Au wirings 310 and the sec- 
ond Au wirings 306 overtap in the entire region. 
Because of this, the cross-section of this portion is 
filled with the polyimide siloxane films 304, 314 
and 324 as shown in FIG. 4a. l=or the portion 
conresponding to the cross-section along with the 
dashed fine BB' in RG. 3, there exists portfons 
where the patterns of the third Au wirings 308 and 
the first Au wirings 303 partially overlap. Because 
of this, tfie cross-section afong with the dashed line 
BB' is not completely filled with the polyimide 
siloxane films 304. 314 and 324, and voids or 
spaces are formed in the polyimide sifoxane films 
304 and 314, as shown in RG. 4b. Similarty, in the 
cross-section conresponding to the dashed line CC 
in RG. 3, there e)dsts portions where the patterns 
of the fourth Au wirings 310 and the second Au 
wirings 306 are partially overtapped. Because of 



this, the cross-section of the portioB conresponding 
to the dashed line CC' is not filled completely with 
the polyimide siloxane films, and there voids are 
fonned in the polyimide siloxane films 304. 314 

5 and 324. 

Although a polyimide ^loxane film Is used as 
the intermediate insulating film in the second em- 
bodiment, a polyimide film may be used Instead. 
The etohing for the case of using the polyimide 

70 film is the same as the etching in the case of using 
the polyimide siloxane film. Further, a silicon oxide 
film is used as the Insulating layer. However, an- 
other inorganic insulating layer such as a silicon 
nitride film may also be used. 

15 ly^oreover. although Au is used for wirings in 
the first, second, third and fourth levels. Al. a high- 
melting-point metal such as W, Si, a siliclde such 
as SiWz or a polysiHcide may also be used for that 
purpose. In addition, the constituent materials for 

20 the respective levels of wirings may be different 

Further, although a silicon substrato is used as 
the semiconductor substrate, a compound semi- 
conductor sut)Strate may be used. 

Refening to RGs. 5a to 5e. the conventional 

25 semiconductor chip and ttie semiconductor chip in 
accordance with tfie second emtxxiiment of the 
present invention will be modeled, and tiie effect of 
the present Invention will be desaibed. 

As shown In RGs. 5a and 5b, the structores of 

30 the two modeled chips are as described in the 
following. The first Au wirings 1, 2 and 3, ttie 
second Au wirings 4, 0 and 5 and the third Au 
wirings 6, 7 and 8 are fonmed on a silicon substrato 
9. These wirings are arranged In parallel witii each 

35 other. The pattersn of the third Au wiring 6. ti>e 
second Au wiring 4 and the first Au wiring 1 are 
completoly overiapped with each other. Similariy, 
the patterns of the ttiird Au wiring 7. the second Au 
wiring 0 and the first Au wiring 2, and the patterns 

40 of the third Au wiring 8. the second Au wiring 5 and 
the first Au wiring 3 respectively, overlap com- 
pletely. The thickness, width and space of tfie first 
Au wirings are 1.0 itm. 1.0 um and 1.0 um, re- 
spectively. Similariy. tiie thickness, widtii and 

4S space of the second Au wirings and of the third Au 
wirings are 1.0 um, 1.0 tim and 1.0 ixm, respec- 
tively. The space between the silicon substrate 9 
and tiie first Au wiring, tiie space fc»etween ti)e first 
Au wiring and tlie second Au wiring and the space 

50 between the second Au wiring and the third Au 
wiring are all 1 .0 um. in the conventional semicon- 
ductor chip, a polyimide siloxane film 10 is filled 
between tiie wirings and the silicon substrato. On 
the other hand, in the semiconductor chip accord- 
55 ing to the second emtxxJiment of the present in- 
vention, tiie polyimide siloxane film 10 exists only 
l^etween the silicon sut)strato 9 and the first Au 
wirings and in the portions where tim wiring pat- 



6 



11 



EP0393 635A2 



12 



terns overlap. Strictly speaking, an inorganic insula- 
tor layer sucli as ^licon oxide, silicon nitride exists 
between the silicon substrate 9 and the first Au 
wirings, but the Inorganic insulator layer is replaced 
by the polylmide siloxane film 10 as an aspect of 
the modeling. Moreover, the reason for omitting the 
fourth Au wirings is that their influence on the 
second Au wirings 4. 0 and 5 is negligible. 

Using the structures shown in RQs. 5a and 5b, 
the coupling capacitances is generated between 
the second Au wiring 0, and other wirings and the 
silicon substrate 9. 

RG. 5c is an equivalent circuit diagram show- 
ing the coupling capacitances generated t»etween 
the second Au wiring 0, and the other wirings and 
the silicon sut)Strate 9. The symtx)! Co represents 
the coupling capacitance per unit length between 
the second Au wiring 0 and the silicon substrate 9» 
and Ci (i = 1, 2, 8) represents the coupling 
capacitance per unit length tietween the second Au 
wiring 0 and the wiring i. The sum of the coupling 
capacitances per unit length is given by Ctotai - 
Co + ECj. but one has C,otai = C2 + C? + Ci + 
Cs since the contribut'ons of C2, C?, C« and Cs 
dominate the others. 

Now, the dielectric constant of the polylmide 
siloxane film 10 is given by €p* = cp / fair = 3.2, 
RG. 5d is the parallel plate model and RG. 5e is 
the fringe model of a capacitor, and C| according to 
ttie parallel plate model and the fringe model are 
denoted as Ci,p and Ci.i, respectively. Further, Q for 
RG. 5a and RG. 5b will be denoted as and 
C|**\ respectively. 

In the case of the conventional semiconductor 
chip. It can be formed that CzJ^ = 074,**= C^^^ 
= CsJ^ = 2.83 X 10-5 pFAim for the parallel 
plate model, and CzJ^^ =aC2j^ for the fringe 
model. f=rom actual measurements and a simula- 
tion it is formed that a - 13. From the results In 
the above, it follows that CttJ^ - 4er CzJ^^ = 7.2 

On the other hand, in the case of the semicon- 
ductor chip according to the second emtxxlin>ent 
of the present invention, it can be formed that 
O^^fi^ = CJ^ ^ (cp-)-?aC2^«, C2,,<« = C7/> = 
C24,^ + {€p")"^ (ci-1) Oz^^K so that there is ob- 
taned Cto,ai*> = 2 [1 + (cpV 1)1 x CzJ^^ = 
3.6 OzJ^\ As a result, acconfing to the above 
model, the parasitic capacitance due to the cou- 
pling capacitance of the present invention can be 
made about 50 % of that of the conventional 
model. 

It should be noted that the structure shown in 
RG. 5 shows the best effect of the present inven- 
tion. However, the wiring pattern of the actual semi- 
conductor chip resembles rather the situation 
shown in RG. 3 wtiere the wirings of the adjacent 
levels cross perpendicularly with each other. In this 



case, the parasitic capacitance is given by the 
arithmetic mean of Ctotai^^ and CtotBi^^ which is 
about 72% of the value for the conventional struc- 
ture. 

6 A compound semiconductor device is known 
as a semiconductor device in which no intermedi- 
ate insulating films are inserted Ijetween the wir- 
ings and between the wiring and the semiconductor 
substrate. Such a wiring structure is known as an 

10 air gap metallization. 

However, a compound semiconductor device of 
the above structure does not have a multi-level 
structure and its wiring length Is In the order of 
several tens of micrometers. It is not a semicon- 

75 ductor device that Is made to t>e of high density, 
and is a semiconductor device including single- 
level semiconductor devices. The reason it Is in- 
feasible for this structure to okrtain a semiconductor 
device which is of high density and has multi-level 

20 wirings Is that It is impossible to hokl the positions 
of the wirings and the spatial configuration t>etween 
the wirings. This wiring structure is weak not only 
against mechanical impact but also against heat Its 
mechanical asepct will be self-evident so that it will 

25 not be touched upon. As to the thermal aspect, 
when the semiconductor device is operated, there 
will arise thermal expansion of wirings due to 
Joule's heat. Since the thermal expansion cannot 
t>e checked, there will occur changes particular by 

30 In the spaces t>6tween the wirings of different lev- 
els. In the extreme cases short-drcuitings between 
the wirings may occur. 

RGs. 6a to ef and RGs. 7a to 7m are diagrams 
for explaining the semiconductor devices of the 

35 third emtxKllment and the fourth emtxxliment, re- 
spectively, of the present Invention, ft will be shown 
that it is possible to provide wiring structures that 
approximate the air gap metallization In compound 
semiconductor devk:es by the third and the fourth 

40 embodiments of the present Invention. . 

RGs. 6a to 6f are perspective views schemati- 
cally showing the semiconductor chip in the semi- 
conductor device according to the third embodi- 
ment of the present invention as arranged in the 

45 order of the fabrication steps. The semiconductor 
device according to the third embodiment has a 
two-level wiring structure with wirings consisting of 
Al. 

Rrst, as shown In RG. 6a. a silicon oxide layer 
50 402 which Is an Insulator film Is fonmed on a major 
surface of a silicon sut)strate 401 which is a semi- 
conductor substrate tiiat has prescribed semicon- 
ductor elements (not shown) mounted on predeter- 
mined positions. A contact ho\e (not shown) is 
55 provided at a required position In the silicon oxide 
film 402. "Then, an At film which is a first conduc- 
tive film and a first Al wirings 403 are formed. The 
thickness widtii and space of the first Al wirings 
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403 are 0.5 tim, 6.6 ixm and 0.6 jxm/ respectiveiy. 
The first Al wirings 403 are fonmed by etching the 
At film by an anisotropic plasma etching that uses 
chlorine-based gas such as BCI3 or Ct2 (for ex- 
ample, reactive ion etching, electron cyclotron res- 
onance plasma etching, or the like) with a pattern 
of photoresist film formed on the At film as ttie 
mask. The photoresist film is removed by a plasma 
ashing using O2. 

Next, as shown in RG. 6b, first, a polyimide 
film 404 is formed by spirvon coating. The thick- 
ness of the polyimide film 404 at this stage is 
greater than that of the first AI wirings 403. Sut)se- 
quently, the polyimide film 404 is etched back by a 
plasma etching using O2. This plasma etching is 
continued until the lop surfaces of the first AX 
wirings 403 are completely exposed. The etching 
back is stopped at the time when the top surfaces 
of the first At wirings are exposed. Because of 
this, there exists a polyimide film 404 with thick- 
ness of 0.5 urn t)etween the first At wirings 403. 
Further, because of the above processing, the sur- 
face formed by the first AX wirings and the 
polyimide film 404 t)ecomes flat. 

Next, as shown in RG. 6c, first, a silicon oxide 
film 405 of thickness 0.3 u-m which Is a first inter- 
mediate insulating film is formed. The formation of 
the silicon oxide film 405 is carried out by a 
plasma chemical vapor depositkm. Because of the 
formation of the silicon oxide film by this method, 
the polyimide film 404 which is the first organic 
insulator film can survive the atxyve proces^ng 
without being affected to a slightest extent If. on 
the other hand, the silteon oxkle film 404 is formed 
by some other mettKxl ttiat accompanies a high 
temperature, the polyimide film 404 will be modi- 
fied by the heat Sut>sequently, a first through hole 
406 is created at a required place on the silicon 
oxide film 405. 

Next, an AX film which is a secorxl conductive 
film is formed, for example, t>y magnetron sputter- 
ing. Then, a pattern of a photoresist film for second 
wirings is formed on the AX film which is the 
second conductive film. Using the pattern as the 
mask, the second Ax wirings 407 are fonmed by 
adopting the same m^ethod as. in the formation of 
the first AX wirings 403. as shown In RG. 6d. The 
thickness, width and space of the second AX wir- 
ings are 0.5 um, OA urn and 0.8 um, respectively. 
The shape of the chip at this stage Is as shown in 
RG. 6d. It is to be noted that the photoresist film 
pattern for the second wirings is still remaining 
there, but is omitted itom the figure to simpFifying 
the drawing. 

Next, the alicon oxide film 405 which Is the 
first intermediate insulating film is etched by an 
anisotropic plasma etching using CF4 or CHF3 as 
the main constituent with added O2 (for example. 



reactive Ion etching, electron cyclotron resohark^e 
plasma etching or the like). The pattern of the 
silicon oxide film 405 is the same as ttie pattern of 
the second AX wirings 407 except for the portions 

5 of the through holes 406. The mask for the above 
etching is the combination of the photoresist film 
pattern for the second wirings ai\6 the second AX 
wirings 407. The reason for leaving the photoresist 
film pattern for the above-mentioned etching is to 

70 protect the second AX wirings 407 from the etch- 
ing. Next, the photoresist film used as the mask is 
released by an organic solvent The shape of the 
chip at this stage is as shown in RG. 6e. Since this 
is a two-level wiring, the photoresist film may be 

15 removed by an ordinary plasma ashing using O2. 

Next, as shown in RG. 6f. the polyimide layer 
404 which is tiie first organic insulator layer is 
removed by an Isotropic plasma etching using O2. 
At this stage, a qua^ air gap metallization for a 

20 two-level wiring structure is formed. At the portions 
where the second AX wirings 407 are not crossing 
the first AX wirings 403. there are formed cavities 
in the bwer parts of the second AX wirings. Be- 
tween a second AX wiring 407 and another second 

25 AX wiring 407 there does not exist the silicon oxide 
film 405 which is the first intennediate insulating 
film, and a cavity is formed. Only tiiose portions 
where the second AX wirings 407 cross or overlap 
the first AX wirings 403 have the structure which 

30 are the same as those of the conventional case. 
When the parasitic capacitance for the structures of 
the third emtxxiiment is estimated according to the 
technk)ue as shown in tiie second embodiment of 
the present invention tiy- using the atxive-men- • 

35 tioned structures and the dielectric constant €5102'' 
= 4.0 of the silicon oxide film 405, it becomes 
akx>ut 1/3 to 1/2 of the parasitic capacitance of the 
conventional structures. 

The effect of the third emtxxiiment can be 

40 summarized as follows. At the crossing parts of the 
second AX wirings 407 and the first AX wirings 403 
there exist tt)e silicon oxide film 405 which is the 
first intermediate insulating film. Because of this, 
the present emtx>dlment has a greater mechank:al 

45 strength than the air gap metallization of a com- 
pound semiconductor device. Furtiier, on .tiie botr 
torn surface of the second AX wirings 407. there is 
formed tiie first intennnediate insulating film 405 in 
ck>se contact with said tx>ttom surface. Because of 

50 this, the deformation due to thermal expansion can 
be reduced in tfie third emtxxiiment 

It should be noted that a polyimide film Is used 
as the organic insulator film In the third embodi- 
ment, howeveFi a polyimide slloxane film may be 

55 used instead. The method of removing the 
polyimide slloxane film is tiie same as the removal 
meti)od for the case of using the polylmkle film. 
Furtiier, the silicon oxide film used as ttte insulator 
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film may be replaced by other inorganic insulator 
film such as a siGcon nitride film. 

Moreover, a silicon oxide film iormed by a 
plasma chemical vapor deposition is used as the 
intenmediate Insulating film. However, a silicon 
nitride film fonmed by the plasma chemical vapor 
deposition or a silicon oxynitride film fonmed by the 
plasma chemical vapor deposition may be used 
instead. In this case, the intrinsic effect of the 
present embodiment can be enhanced since the 
mechanical strength of these films is higher than 
that of the silicon oxide film obtained by the plas- 
ma chemical vapor deposition. However, since the 
dielectric constant of tiiese films is higher than that 
of the silicon oxide film obtained by the plasma 
chemical vapor deposition, the effect of the present 
invention becomes weaker than the case of using 
the silicon oxide film obtained by the plasma 
chemical vapor deposition. 

Further, Al Is used as the wirings for the first 
and the second levels. However, Au, SI a high- 
melting-point metal such as Au, a sHicide such as 
SiW2, a polycide or the like may also be used 
Instead. Moreover, the constituent materials for the 
first and the second levels may be different 

Still further, the silicon substrate used as the 
semkx)nductor may be replaced by a compound 
semiconductor substrate. 

RGs. 7a to 7m are sectional views schemati- 
cally showing the semiconductor chip in the semi- 
conductor device according to the fourth embodi- 
ment of the present invention as arranged in order 
of the fabrication steps. Jbe semiconductor device 
according to the fourtti embodiment has a three- 
level wiring structure with wirings made of Al. The 
fourth embodiment starts witii the structure shown 
in RG. 6e of the third embocfiment RGs. 7a, 7h 
and 7j to 71 are sectional views at the dashed lines 
DD' in RG. 6e, and RGs. 7b to 7g. 71 and 7m are 
sectional views at tfie dashed lines EE' in RG. 6e. 

The object of the fourth embodiment is to show 
a fabrication method for realizing a wiring structure 
with still larger number of levels on the basis of the 
third emtxxGment 

fai RGs. 7a and 7b, the pattem of a silicon 
oxide film 405 which is .a second Intermediate 
insulating film is the same as tfie pattem of a 
second At wirings 405 except for the portion of a 
through hole 406. Tfie bottom surface of the silicon 
oxide film 405 makes contact with a pdyimide 
layer 404 which is a first organic insulator layer and 
the top surface of a first Al wirings 403. The 
polylmide layer 404 and the first Al wirings 403 
are fonned on a silicon ^bstrate 401 which Is a 
semiconductor substrate via the silicon oxide layer 
402 which is an insulator film. 

Next, as shown In RG. 7c. a polylmide layer 
404 which is a second organic insulator layer with 



a thickness of 1.0 um is formed by spin-on coat- 
ing. The top surfaces of the second Al wirings 407 
are covered with the polylmide layer 414. 

Next, as shown in RG. 7d, the polylmide layer 
5 414 is etched back to a thickness of 0.3 um by a 
plasma etching using O2. Because of this, a part of 
the side faces and the top surface of the second 
Al wirings 407 are exposed. 

Next, as shown in RG. 7e. a silicon oxide film 
70 415 with thickness of 0.5 um which is a second 
intermediate insulating film Is formed by a plasma 
chemical vapor deposition. 

Next, as shown rn RG. 7f, a second through 
hole 416 is formed at a required place in the silicon 
IS oxide film 415. 

Next, as shown in RG. 7g, an Al film 411 with 
a thickness of 0.5 um which is a third conductive 
film is formed by, for example, a magnetron sput- 
tering. 

20 N^, as shown In RGs. 7h and 71, a photores- 
ist film pattem for the third wirings Is fonmed. 

Next, as shown In RG. 7], the Al film 411 Is 
etched by an anisotropic plasma etching using a 
chlorine-based gas such as BCI3 and CI2 (for 

25 example, reactive ton etehing, electron cyclotron 
resonance plasma etching or the like) with the 
pattem 412 as the mask. As a result, there is 
formed a third Al wirings 413. The width and the 
space of the third Al wirings are 1.0 um and 1.0 

30 um, respectively. 

Next, as shown in RG. 7k, the silicon oxide film 
415 which is the second intenmediate insulating 
film is etched by an anisotropic plasma etching (for 
example, the reactive ion etching, electron eyele- 
ss tron resonance plasma etching or tiie like) using 
CF4. or CHF3 as the main constitoent with added 
O2 by using the pattem 412 and the Al wirings 
413 as the masks. In this case, the side faces of 
tfie silicon oxide film 405 which is the first inter- 

40 mediate Insulating film is covered with tfie 
polylmide film 414 which is ihe second organic 
insulator film (see RG. 7c or RG. 7d). Because of 
this, the silicon oxide film 405 will not be affected 
by the etohing. At this stage, the pattem of tfie 

45 silicon oxide film 415 is the same as the pattem of 
tfie third Al wirings 413 except for the portion of 
tite through hole 416. 

Next, the photoresist film pattem 412 for the 
third wirings is removed using an organic solvent 

50 Rnally, as sfiown in RGs. 71 and 7m, tlie 
polylmide layer 414 which is the second organic 
insulator layer and tiie polylmide layer 404 which Is 
the first organic insulator layer are removed by an 
Isotropic plasma etching using O2. As a result of 

55. tiie removal of the polylmide layers 404 and 414, 
tiiere are formed cavities 504 and 514, respec- 
tively. With the processing in the above there is 
fonned a quasi air gap metallization of a three-level 
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wiring structure. 

The effect of the invention by the fourth em- 
lx)diment is equivalent to that of the third emixxii- 
ment of the invention. 

It should be noted that the polyimide layer 
used as the second organic insulator layer in the 
fourth erntM>dim6nt may be replaced by a 
polyimide siloxane layer. The etching in the case 
where a polyimide siloxane layer is used is the 
same as the etching in the case where a polyimide 
film is used. In addition, although a silicon oxide 
film is used as the insulating film, other inorganic 
insulator such as a silicon nitride film may be used. 

Moreover, a silicon oxide film by a plasma 
chemical vapor deposition is used as the intermedi- 
ate film. However, a silicon nitride film obtained by 
a plasma chemical vapor deposition or a silicon 
oxynitride film obtained by a plasma chemical va- 
por deposition may be used instead. In this case, 
the effect intrinsic to the present emtxxJiment will 
be enhanced. However, the effect of the invention 
will be lowered than in the case of using a silicon 
oxide film obtained by a plasma chemical vapor 
deposition. 

Further. Al Is used as the wrings for the first, 
the second and the third levels. However, it may be 
replaced by Cu. or use may be made of Si, a high- 
melting-point metal such as W, a sindde such as 
SiW2 or a pofysiliclde may be used Instead. In 
addition, the constituent materials for the first and 
the second levels may t>e different 

Still further, a silicon sut}stratB i^ed as the 
semiconductor substrate may be replaced by a 
compound semiconductorsut^strala. 

Although the inverrtion has been descril^ed with 
reference to specific emtxxiiments, this description 
is fKit meant to be construed in a limiting sense. 
Various modifications of the cfisclosed embodiment, 
as well as other embocfiments of the invention, will 
become apparent to persons skilled in the art upon 
reference to description of the invention. It is there- 
fore contemplated that the appended claims will 
cover any modifications or embodiments that fall 
within the true scope of the invention. 



Claims 

1. A semicoTKluctor device comprising a semi- 
conductor substrate having a mayor surface and 
fonning an element region therein, an insulating 
layer fbnmed on said msjor surface of said sut>- 
strate and having a contact hole, a first level of 
wirings formed on said insulating layer, and a high- 
er level of wirings including a second level of 
wirings formed on said first level of wirings via an 
intennediate insulating film, characterized in tiiat 
said intermediate insulating film between said first 



and upper levels of wirings has the same pattern 
as the wiring pattern of said upper level of wiring 
except a through hole or through holes in said 
intermediate insulating film, and said intermediate 

5 insulating film is contacted to the lower face of said 
upper level of wiring. 

2. A semiconductor device as claimed in claim 
1, wherein the package for the semiconductor de- 
vice is a package having a cavity. 

70 3. A semiconductor device as claimed in claim 
1, wherein said intennediate insulating film is a 
polyimide film. 

4. A semiconductor device as claimed in claim 
1, wherein said Intermediate insulating film is a 

IS polyimide siloxane film. 

5. A semiconductor device as claimed in claim 
1, wherein said insulating layer is a silicon nitride 
film and said intennnedlate insulating film is a silicon 
oxide film. 

20 6. A semiconductor device as claimed in claim 
1, wherein said insulating layer is a silicon oxide 
layer, and said intennediate insulating film is a 
silkXMn nitride film. 

7. A semiconductor device as claimed in claim 
25 1 , wherein 

tiie intermediate insulating films formed between 
the wirings of said second or subsequent levels 
and the wirings of the level which is one bebw said 
level has a level structure, 

30 said intermediate insulating films form gaps t>e- 
tween the adjacent intermediate insulating films, 
s^d Intermediate insulating films e)dst only at the 
tower parts of said wirings, and 
sad Intenmediate insulating' films exist In contact^ 

35 with tiie upper parts of the wirings of the respective 
levels which is one level below said level of wirings 
only at the portions where the pattern of said 
wirings are crossed over the pattern of the wirings 
of the level whteh Is one t>ek>w said level of wir- 

40 ings. 

8. A semiconductor device as claimed in claim 
7, wherein said intermediate insulating film is an 
inorgank: insulator film formed by a plasma chemi- 
cal vapor deposition. 

45 9. A semiconductor device as claimed in claim 
7, wherein said intermediate insulatirig film is a 
silicon oxide film formed by a plasma chemical 
vapor deposition. 

10. A semiconductor device as claimed in 
50 claim 7, wherein said intennediate insulating film is 

a silicon nitride film formed by a plasma chemical 
vapor deposition. 

11. A semiconductor device as claimed in 
claim 7. wherein said intermediate insulating film is 

55 a silicon oxynitride film fbmied by a plasma chemi- 
cal vapor deposition. 

12. A method of rnanufacluring a semiconduc- 
tor device comprising: 
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the step of forming an insulating layer on a major 
^rface of a semiconducfDr substrate with predeter- 
mined semiconductor elements installed In rt, pro- 
viding a contact hole at a required position in said 
insulating layer, and forming a first level of wirings; 
the step of forming an intermediate insulating film 
and providing a through hole at a required position 
in said intenmediate Insulating film; 
the step of forming a second and subsequent lev- 
els of vifirings; and 

the step of forming an uppennost level of wirings 
which is a second or subsequent level; thereafter 
the step of etching said intermediate insulating 
films until said insulating layer fonmed on said 
semiconductor sut>strate is exposed, using the wir- 
ings of said second and subsequent levels includ- 
ing said uppermost level wirings as the masks. 

13. A method of manufacturing a semiconduc- 
tor device as claimed in claim 12, wherein said 
etching is an anisotropic plasma etching. 

14. A method of manufacturing a semiconduc- 
tor device comprising: 

the step of forming an insulating layer on a major 
surface of a semiconductor suk>strate having pre- 
scribed semiconductor elements, providing a con- 
tact hole at a required po^on of said Insulating 
layer, and forming a first level of wirings; 
the step of fomning a first organic insulator layer 
after the fonmation of said first level of wirings, and 
etching back said first organic insulator layer at 
least until the top surfaces of said first level of 
wirings are exposed; 

the step of forming an intenmediate Insulating film 
and providing a through hole at a required position 
on sakJ intenmediate insulating film; 
the step of forming conductive films for wirings of 
the secofKl and the subsequent levels; 
the step of forming pattenns for wirings of the 
second and the subsequent levels made of 
photoresist films, etching the conductive films us- 
ing tiie pattems for the wirings of the second and 
the sut>sequent levels made of ssud photoresist 
films as the masks to form tfie wirings of the 
second and ttie subsequent levels, and removing 
the pattems for the second and the subsequent 
level wirings made of said photoresist films; 
the step of forming a secorni organic insulator layer 
having the same material as said first organic in- 
sulator layer, and etching back said second organic 
insulator layer having Vhe same material as said 
first organic insulator layer at least until the top 
surfaces of the wirings of said second and subse- 
quent levels are reposed; and 
the step of removing tiie pattern made of photores- 
ist film for the wirings of the uppenmost level 
among the wirings of the second and the subse- 
quent levels, and removing s^d first organk: insula- 
tor layer and sakJ second organic insulator layer. 



15. A method of fabricating a semiconductor 
device as claimed in claim 14, wherein said first 
organic insulator layer and said second organic 
insulator layer are polyimide layers or polyimide 

5 siloxane layers. 

16. A method of manufacturing a semiconduc- 
tor device as claimed In daim 14, wherein said first 
organic Insulator layer and said second organic 
insulator layer are removed by an isotropic plasma 

10 etching by oxygen gas. 
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